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1 .  INTR ODU C TION 

This memorandum represents a prel iminary publ icat ion of the  p;,rametrlc 

m i s s i o n  ana lys i s  work performed simultaneously i n  psr t ia ' i  iuifi l lment of study 

obligations fo r  Pos t -Nova  111, EMPIRE Fo l low-  On and t h e  F'kcifietary Transports- 

t:ori h l o d e l  Studies .  A m o r e  detai led r e p o r t  fol lows 

- L;ETI-IOD OF .APPROACH ( F i g .  1 ,  2 )  

The m e t h G C  i~! d p p r o a c h  is outlined 11: :lie fol1ow:ng s t eps :  
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L-2 . h!ission L: 1 
brb: td l  L ' , U G ~ ~  w t .  ( 1 0 5  Ib)  2 5 6  i 500 750 250 500 750 

~ 3(  S C C )  450 450 450 450 450 450 
5Ih.i~ ra t io .  bt 2. 14 2 .  14 2. 14 2 14 2. 14 2.14 
Propeliant f r ac t ion ,  A, 532 . 532 . 532 . 532 .532 . 532 

.86 -88 .90 .86 .88 90 fh\lass i rac t ion ,  x I  

. 38 . 394 .408 38 394 .408 ' ~ o a c ~  f ract ion,  A ,  

M d s s  ra t io ,  p ,  1.83 1 83 1.83 
Propel idnt  f rac t ion ,  A,  .453 .453 .453 
M d s b  f ract ion,  x )  .85 .87 .89 

I 
i 

, ~ o a i i  f ract ion,  A, .467 q.479 .49 

\Mvl~lss ra t io ,  P , ,  , I 89 1.89  A. 89 
. 4 7  . 4 7  ..i7 Propcl lan t  f rac t ion ,  A ,,, 

h4dsa fraction. x , .  , .85 87 . 89 
.446 ,46 .47 1 Load fraction. A , ,  , 

Mass ratio, 
Propr l ldn t  ! raction.A,, 
Mass  fraction,^,,, 
LO& f rac t ion ,  A I , ,  

Z i . i u s  :-atio.pI 

Mass f r s c t i o n , ~ ,  

,, , 

P r o ~ e l l d n t  f rac t ion ,A,  

Load f ract ion,  A, 

765 7 6 5  765 7 6 5  765 765- 
2.33 2 33 2 33 ~ k : Y L ,  P I , ,  

't>ro?eliaiit f ract i0n.A ,,I . 5 7  .57 . 5 7  
Is1 'is > trdctIon, x :,, . 8 2  .84 .86 
1 L~dd  f r a c t1011, A , , , 

,U.LSS ra t :o ,P ,,,,, 2 . 3 5  2.35 L 35 
I 
P 1'07 e Llant i r d cti on,  A ,,, ,, .575 575 .575 

I .305 . 323 .347 1 
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Tab .  4 P lane ta ry  Mission Groups 

Mission Group 1 - W a y  Round - t r ip  

J- 1 . 0  Fly-By t T. 

2 .  0 Capture :b f 

4. 3 .  0 Landing .r 

4. 0 Plane ta ry  moon landing * 
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T a b  f ,  H y p e r b o l i c  Excess Veloci t ies  Used  
for Deiuxt ion  of Pr inc ipa l  P l a n e t a r y  
Mission Maneuvers  

A l l  velocit ies a r e  given so  as to p e r m i t  20 to 40  days  d e p a r t u r e  window at the 
t r a n s f e r  periods given 

M i s s  ion 

M e - 1  0 ( I - w ~ Y )  ( 7 0 L , T 1 3 0 0  d )  
M e - t  0 ( round- t r ip)  (200tTL,300 d)  

V -  1 (I ( 1  - K ~ J I )  ( 1  08L,TlL, i  32 d)  
V - 2 .  0 ( 1 - w a y )  (96L;T1f;i0i! d )  

V - 2 .  0 (round-trip) (36OLyT%OO d) 

M a - 1  0 (1-way)  (140&T1L,180 d )  

Ma-2.  0 (1-way)  (1605T1s180  d) 
M a - 2 . 0  ( round- t r ip )  (440L,T5460 d)  

M G x -  2 .  0 ( round-  t r i p ) (800~T,5 -1000  d )  

.J - 1 .  0 { i -way) ( i9d)GT 1 9 2 8  d )  
220 250 
28G 31 0 
4 30 460 

Plane t  
A r r .  

(EhlOS) 

. 3 5  
55 

. i o  
145 

. 1 8  

14 

13 
. 2 0  

10 

55 
. 8 0  

25 
34 
t. 2 
t > G  

Q h  
1 Ob 

1 41 
1 1  

6 3  
4 0  

--_I__- 

Plane t  
Dep. 

(EhlOS) 

30 
. 4 5  

. 3 2  

26 
. 28 

14 

47 
46  
3 2  
4 2  

. 0 2  
b h 

Earth 
A r r .  

(EMUS) 

3 3  
35 

.30 

. 5 5  

. 6 5  

. 1 L  

1 .  04 
1 l h  
1 . 1 7  
1 . 0 3  
1 . o . j  
1 . 1 ;  



Tab. 8 Correlation of Principal Planetary > f j  

Principal Target 
Mission Obj. Mission 

Profile MP- 

1.0 Exploration 

1. I Planet from Orbit 

1 .2  Atmospheric Entry 
without Surface 
Landing 

1 . 3  Surface 

1.4 Satell ite( s) 

2 . 0  Temporary Base(s )  

2. 1 Planet 

2 . 3  Satell ite( 9 )  

Mercury 

1 .  0 2 . 0  3 . 0  4.0 

f + +  

* 

3.  1 .  2 Maintenance 

3 . 2  Suitable Satellite 

Venus 

. o  2.0 3.0 4.0 

t +* 
* 

t* 

1.0 2.0 3 . 0  

t +* 

+* 

* 

* 

x* x* * 

t hstrumented Probable (One-way hf i s s inn)  

x 
* Round-Trip, Manned 

One-way Mission, Manned or  Autoniatically Controlled Non-Manned T rein 



I 

Saturn 

. o  2.0 3.0 4 . 0  

k 
I 

I - 

* 

x* x* * 

,* t* 

+* 

+ 
* 

x* x* * 

~ 

Uranus 

. o  2.0 3.0 4.  l) 

++. t* 

+* 

t 

* 

* 

Neptune 

. o  2 . 0  3.0 4 . 0  

t 

+*  

t 

* 

* * 

Pluto 

. o  2 . 0  3.0 4.0 
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3 .  DETEKhlIN-4TIOK OF P.4YLOAD FRACTION h l  F O R  EACH MANEUVER 

The payload f r ac t ion ,  defined as  r a t i o  of g r o s s  payload weight W X i  t o  ignition ' 1  

weight WAi a t  the beginning of the i th powered maneuver ,  is given by 

where  

X 

W = propel lant  weight 
P 

wb 

= 1 1 1 d . i ~  f rac t ion  W,/(W, 7 W b )  

= w e t  i n e r t  weight 

The r e l a t ion  c a n  u s e f u l l y  be plotted as 2 v e r s u s ' f i 1  with x as pa ra rne te r ( f ; i g .  7 ) .  
SP 
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4.  DETE:KMISATIOS OF THE INITLA L VEHICLE MASS 

In a bal l is t ic  - t ype  mult i -s tage vehic.le, the  overcill payload f rac t ion  of 

s a y ,  a 3 - s t age  m i s s i l e  is 

For determinat ion of the init ial  mass o i  'in i n t e rp l ane ta ry  (or  luna r  vehic le )  th i s  

process  p r i o r  t o  powered  maneuver  &I-1 ,  and weight 1%' 

period between two major maneuvers  M-: and  M - ( i +  1 )  

e1ini:natcd during the 
~ ( 1 ,  i-t l)  

Genera l ly ,  W j ( i ,  1 + 1 )  and 

W j  (1+1) belofig to the  same stage or mr,dule and c;ari be lumped  together  as 

o r ,  u r i t t e n  in a d i f fe ren t  f o r m ,  

( 4 -  3 )  

2 4  
The method assunies  t h a t  the t e r m i n a l  g r o s s  payload, des ign; l ted  as  W 

c o r r e 3 p o rid i II g igri 1 t 1 on w e  1 g ht is 



M-3 f rom the ta rge t  planet is 

Therewr th ,  t h e  M- 3 ignit ion weight  of the  space  vehicle  becomes  

Correspondingly,  for  M - 2  ( t a rge t  planet cap ture) ,  

and ior h4- 1 ( E a r t h  depa r t  .+ re )  

Now, l e t  

o r .  s imp ly ,  



where 

(4- 12) 

From these equations. the following re la t ions  a r e  obtaineci i(,r the igmt lon  lvelght 

( A )  If an M - 4  is  involved 

. W given 
1 4  

A 4  
w = -w 

A 4  A, 

w ;\, (1 + P,) 1 w =  
A 3  

A 34 

,I 

(H) If a n  M - 4  is not znvolved 

1 4  given 

E > 4  

( 4 -  1 3 )  

(4 -  14) 

(4-  15) 

(4- 16) 



~~~ 

d e t e r m i n e d  in  acco rdance  with a su i tab le  p d t t e r n ) .  

i n  Tab.  9 ,  payload f r a c t i o n s  a r e  l i s t ed  f o r  s e v e r a l  i n t e r p l a n e t a r y  veh ic l e s .  

F r o m  t h e s e ,  t he  var ious  ignit ion weights and  the  o r b i t a l  d e p a r t u r e  weight cdn be 

d e t e r m i n e d  f o r  g iven  va lues  of W .  and p. M o r  M - 4 ,  i n  Tab .  9 ,  i t  w a s  assumed 
A4 

- 
t ha t  it would s e r v e  only t h e  r eusab i l i t y  of t h e  in te  rplancAtary vehicle>. Therefore ,  

c a p t u r e  in to  a ci1-c u la r  orbit  i s  a s sumed .  

un feas ib l e ,  it is a s s u m e d  that  no M - 4  is needed ,  becduse  e i t h e r  tht. t e r m i n a l  pzy-  

lodd ( a  f r a c t i o n  of W x4) c n t e r s  hyperbol ical ly ,  o r  the c r e w  is picked up by hyper -  

bolic rendeLvous, 

W h e r e  r eusab i l i t y  1s not iniportnrit 01- 



Tab. 11 Principal  Events  in  C a p t u r e  Mission 

Weight of vehicle fully assembled in satellite orbit  (initial weight) 

Weight consumed prior to launch 

Weight, following mission readiness test, at ignition 
a 

(launch weight) 

Burnout weight following M-1 

Pro?cllant weight cm,sumed during M-1 

Wet inert weight of vehicle section (escape booster) 
staged following M-1 

Weight at the beginning of coast (initial outbound coast weight) 

Weight consumed or jettisoned during planetocentric coast 
and heliocentric coast, inelriding weight consumed for 
correct ion o r  spin and de-spin maneuvers, boiloff losses etc. 

Weight at termination of transfer coast, at the beginning of 
preparations for the M-2 maneuver (terminal outbound coast 
weight 

Weight eliminated in preparation of capture maneuver M-2; 
“house cleaning”. i .  e. , jettisoning of all items no longer needed 
at the end of the outbound coast. This measure is taken to 
ensure that no unnecessary weight is accelerated 

M-2 ignition weight 

M-2 burnout weight 

35-2 useful propellant weight 

We: l l i e r t  M vigiit (M-2 propulsion unit) staged following &I-2 

Weignt  at beginning of capture period in target planet satellite 

Weight eormmed o r  jettisoned during capture period’, including 
propeilant consumed for whatever adjustment maneuvers are 
nec em ary 

orbit  (i 11 itial capture  weight) 

Weight at termination of capture period (terminal capture weight) 

House cleaning in preparation of M-3 

wS1 
W 

j l  

wAl 

. ? ,  

wB1 
w -  - $\ 

p l - w * i  PS? 

wbl 

c1 W 

wC2 

W 
32 

%2 
W 

w = w  - w  

wb2 

B2 

p2 A2 I32 

S2 w 

wj23 

ws3 
W 

j3 



Tab. i l  Principal Even t s  i n  Capture  Mission 
( Concluded) 

M-3 ignition weight 

M-3 burnout weight I 

11-3 useful propellant weight 

W e t  inert Height (Ai-2 propuision un i t )  si,agell i ( i i .  

Weight at beqinnlng of con;: (initial returr co 

Weight conscmed or  j e t t . : - ~ ~ t i  citirrng ; ;~i,cic,sc:t;rlc 

.. n 
i: L, . ~ , - % j  

heliocenrrlc coast, Anciuti,r>; weight Cd i sun icd  for correction, 
o r  spin ana de-spin maneuvers, boilotf losses, etc. 

Weight at terininatiori of transfer coast, at the begrnnrng of 
preparations for the 31-4 maneuver (termrnal re turn coast  
weight) 

of the entire LSS except the EEM 
House cleanir,;: i n  preparation of M-4, including jettisoning 

X I - 4  ignition weight 

M-4 burnout weight 

XI-4  useful propellant weight 

Wet inert weight (M-4 propulsion unit) staged follawlng M-4 

I g n ~ t i m  weight for corrc>ctlon maneuver M-%> prior to Earth 
entry 

11-5 burnout weight 

Wet  inert weight jettisoned following 31-5 anti pr ior  to Earth 
entry 

Ir,itlhi E;uti; E n t r y  Module (EEM) weight 

Terminal CEM weight (terminal mission weight) 

W 
A3 

733 

p3 A3 ds 
w -5 w - VI‘_ , j  

Wb3 

wc3 

W 
j34 

W 
c4 

W 

W 
A 4  

wB4 

J4 

P4 = “ A 4 -  B4 

wb4 

wA5 

B5 W 

wb5 

W 
E2 



5 .  1 

5. 2 

5. 3 

5 . 4  

5. 1 

LIFE SUPPORT SYSTEM 

Four major  weight grozps a r e  to be considered; 

B a s i c  life support system d r y  we:ght (:-.et d r y  weight without abort  system 
and radiation s h e l t e r )  

Radiation Shelter 

Ecologick l  S>rstr .m and Emcrpe*:c)- PO-A 1.r Supply 

Abort  Systerc 

Bas ic  LSS D r y  Weight 

Reference Sb-stem: L-42 

B a s i c  LSS D r y  weight ( w / o  ecological sb5 tern and r a d .  she l t e r ) :  31,  590 Ib 

Total Volume:  6500 ft' 

Vot. specif ic  weight  = 4.85 lb / f t3  

Crew size: 8 persons 

Total v a l .  p e r  crew member: 810 f t  / p  

B a s i c  d r y  weight p e r  crew member: 3950 i b / p  

3 

'r! r: - nur:iber of c r e w  m e m b e r s  
\ I 800 f-) 
tot 8 z - 0 .  i 

( 5 -  i 1 

(5- 2 )  
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3 . 5  

3 . 0  

2.0 

1.0 

0. 

F ig .  ( , I  

0 50 0 1000 1500 2000 

Variation of LSS Specific Total  Volurne pe r  Person 
Function o f  Mis-iorl T i m e  



(d )  For  a given type of mission,  e .  g. cap tu re  m;ssion, the c rew s i z e  
-\ 

i n c r e a s e s  with t r a v e l  time (Flg .  10) 'I .I 

ct-) T n = basic  c rew size  f o r  400-day cap tu re  
miss ion;  n to be taken as the next 

T 400 n = n  (-1 
hlgher f u l l  number ;  c = 0. 3 (5-4) 

0 400 

( e )  Therewith Eq. ( 5 - 3 )  hecomes 
T 

b 
\' 

400 to t  ( f t3;  p)  ( 5 - S )  

which x lakes the  specl i lc  vott.zit* a function 01 m15sion t ime & S  independent v, \ r~able 

and of the  brtsic c r e w  s i z e  as  pa rame te r  The  bas i c  c r e w  s i z e  is def ined a s  the 

s i z e  of the crew r e q u i r e d  to  ruri the s h i p  a n d  tLke c a r e  of the vehicle or iented and 

the mis s ion  oriented functions. Not included a r e  c r e w  m e m b e r s  fo r  s p e c i a l  tasks, 

such  a s  surface e x c u r s i o n ,  v i s i t  to moon e t c . ,  since t h e s e  excurs ions  may not 

v a r y  as to  d u r a t i o n  and  objectives even though the m-ission tirile v a r i e s .  

be  evaluated sepa ra t e ly  as  function of t he i r  object ives  and du ra t ion  

They milst 

j 
The  i n c r e a s e  in 

basic crew s i z e  aims tu take  Into dc.count the fo l lowing  f a c t o r s  which tend to cartst. 

an  i n c r e a s e  

IIig!icr probal : i i ty  o i  crew members  gciting incapaci ta ted.  
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n = 8 ,  a = - 0 . 1 ,  b = 0.6, c = 0. 3 
0 

T ( 4  200 400 600 800 1000 

n 8 8 10 13 16 

A = 800 Eq (5-5) 800 800 780 750 740 

1 . 0  1 . 0  1 . 2 6 1  1.515 1 .734 

3 "  
b 

[ 
€3 (T4400) 

2000 

102 

610 

2. 624 

1629 

166, 000 

i 
( f )  The \ - O ~ U I I I C  fo r  L-42  c o s t s  abotit 4. 85 l b  of basic d r y  we igh t  p u r  it 

This spec i f ic  w e i g h t  IS l ikely t o  decrease  w i t h  i n c r e a s l n g  LSS volume.  Therefore 

M .. 4 . 8 5 (  )d ( lb / f t3)  
S P  6500 

(5-6)  Ytot = t o t a l  v o l u m e  of LSS ( f t3);  d = - 0 .  05 

( f )  ThcreLv;:., .  tlnc d r y  weight  c :  t h e  basic LSS becomes(Figs .  12.  15. i 4 ) ,  

* Vtot d w d = v  M = n v  w = n v  - 4 . 8 5 (  1 fib) 
tot s p  tot sp to t  6500 
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5. 2 Radia t ion  Shel te r  

R e f e r e n c e  s y s t e m :  L-42 

8-person radiat ion s h e l t e r  for  m l s s i o n  y e a r  1975/76 to  Mars. 

Volume: 400 it 3 ; Weight = 11,800 lb 

Mission time: 400 d 

A v e r a g e  radiat ion dose = 1 r a d / d a y  

3 Volume spec i f ic  weight: 29. 6 l b / f t  

Ch’ s h e l d i n g  area weight fo r  a b u k - c  mlsslon y e z - :  1 1  g m / c r n &  

“r 

L 
= 22. 5 lb / f t  2 

(a) Shielding r e q u i r e m e n t s  v a r y  with solar act1v:ty du r ing  miss 

P r e s e n t l y ,  for the period 1975-2000 an a v e r a g e  va lue  of 1 3  grn/cm2 =.26. 

is s e l e c t e d  for a 400 day mission t o  Mars and 1 r a d / d a y .  

(b) T h e  shielding weight  is a l s o  a function of the he l iocent r ic  d i s tances  

cu.i.ered d u r i n g  mission Thus, fo r  a m i s s l o n  to  a more d is tan t  planet,  the r e q u i r e d  
0 

s!;ieldlng welght  should d e c r e a s e  However .  the usually longer  mission per iod  has 

a r.;mpcnsating effect  s ince  i t  requlres  a reduct ion of the accep tab le  daily tad la t ion  

d r ,>e  Aforeover.  ever,  missions to  the o c t e r  pianets  may lead close to the Sun 

( -3tLally dur lng  the r e t u r n  f l i g h t ) ,  so do I ? I I S ~ ~ L ~ I . S  to M a r 5  

rnljre d c c u r d t e  tredtment.  tkLr, fullo\nii ;g U S A  i,rlp:.ons ; i re ;n i r A i  fur-  dpplv i r lp  a c u r r e c  - 

tion f a c t o r  f : 

T h e r e f o r e ,  pendrng a 

C 

400-day hlars mission: f = 1 0 

6 0 0 - d a y  &Liars misslon: € = 1 15 

C 

c 

800-dsy h lh r s  m i s s ~ o n :  f 

1000-day  h l a r s  xn;ssion: f 

4 0 0 - d d v  Vtr.us mission: f c  = 1 .  15  

= 1. 25 

= 1 .  3 

C 

C 

(5-8)  

i l  
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300-day M e r c u r y  mission: f = 1 . 6  

800-day J u p i t e r  m i s s i o n :  f 

C 

= 0 . 9  
C 

1000-day Saturn m i s s i o n :  fc = 0 . 7  ( 5 - 8 )  - 
It  is r e a l i z e d  that these f i g u r e s  a r e  subject  to  va r i a t ions  depending upon mission 

t i m e ,  mission profl lc  and pt.rrn:- - - l * j L l ~  ad.i\.. radiat:or, dose 

t o  t h e s e  e f f e c t s .  PreserLti:  -.,. m e r e l y  r e p r e s e n t  d t r c n d .  I 

(c l  Pl-trsc.ntl\. :: - . ~ n r d  fo r  the SAY o: s : r . ? ~ ~ l c - t ) - .  that the radiation 

I hey wil l  be re f ined  
I 
I 

I 

shelter- - 5  a l w a y s  a 5 e c t l u ~ .  ui a c y l i n d e r .  T h e r e i o r c .  tkt- iollow-ing r e l a t ions  hold 

(d  = d i a m e t e r .  h = height  o r  length of sect ion):  

v = P d' h 

s = 

voiume oi she1ri.r ( i n n e r  volume) 

?rd (n t - )  L total s u r f a c e  

4 

q d h t - dr = T r '  d 

2 2 area of s h e l t e r  

d 
S -  4 I h T Z )  

(5-9) 

(5 -10 )  

(5-11) 

(5-12)  
d h  

a I 

- c i k  (--) ( i t L )  ( 5 - 1 3 )  L O O  (!i - 7) 
> =  

d i is0 



r 

the  total  weight a b s o r b e d  i n  i n t e r i o r  equipment  and  furn ish ings  of the  radiat 

s h e l t e r  (e .  g .  e m e r g e n c y  ecologrcal  provis ions  ( inc l .  w a t e r ) ,  m e d i c a l  provision 

' e m e r g e n c y  s a n i t a r y  equipment ,  "hospital beds", e t c .  ) .  This  weight thus amoun t s  

to  about 5200 lb  or 650 lb /p  ave rage  for e a c h  crew member. 

a n c e  is tentat ively varied w:th ( ? V ~ O O ) ' / ~  f o r  T > SO0 d and kept a n s t a n t  f o r  TC 400 d. 

T h i s  weight  allow- 

( f )  T h u s ,  the radlatlol; she l t e r  welght cons i s t s  of two p a r t s :  radiation 

sh ie ld  weight ,  

w = f  w s s = s  (5-14) . 

and the  i n t e r i o r  weight,  Wint, 
Y 

1 
T 3  

7 

W = 650 n (--) 
in t  400 

W i t h  the u s e  of Eq. (5-  13) and cons idera t ion  of ( 5 - 8 ) ,  the  rad ia t ion  shelter weigh$& - 
becomes then ( F i g .  15 ) ,  

w = w s s  w 
RS i n t  

1 1 
T 3  t 650 n (400) T 3  (lb). 
- d 200 ( h  i - }  

2 (400) = i w 
c s  

d h  
1 200 ( h  t y) d 

f'. ws .- 
d h  

(5 -16 )  

w h e r e  

d = d i a i n c t e r  of ( c ,  1:ndl-ical) r~ id i a t ion  s h e l t e r  

s e l e c t e d .  to a s s u r e  t1;st 3-11 s tor :es  of a 111hltiple-story s h e l t e r  a r e  of the s a m e  

i 3  .-. 
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heigrit. This  makes the diameter 
z 

( 5 - 1 7 )  

e .  g .  for a 2-5to1-y s h e l t e r ,  d = 0. 5 dx' , etc.  F o r  the  prcvioxsiy tabulated 

example, t hen  the following r e s u l t s  a r e  obtained, 

T(d) 200 400 600 800 L 000 

n 8 8 10 1 3  16  

1.0 1 . 0  1 . 1 5  1 .  25 1 .  3 
ic 

f c  ws (Ib/ft  2 ) 26 .  6 2 6 . 6  3 0 .  6 3 3 .  2 3 4 . 5  

V / n  = 50 A ( f t 3 / p )  50 50 57.5 6 2 .  5 65 

v ( f t3 )  400 400 57 5 81 3 1040 

h l h  1 . 0  1 . 0  1 . 0  2. 0 2.0 
0 

' d ( f t )  10 10 12 IO. 1 1 1 . 4  

5 . 1  5 . 1  5 1  i o .  2 ro .  2 h ( i t )  

W t .  pcr  person (!h/p) 1970 l ? i O  21 00 1635 1630 

w f l b )  15 .  750 15.7,50 24 ,  CIOO 2.6, 800 35, 400 
RS 

c 1 



5 1btd O - ) - l ~ s ,  b \ r  ie.ttc;ige and u s e  d di:riocks (b- 3 )  L 

I t  I t  I 1  3 lb /d  N2-loSs " I )  I t  

Emergenc  y o2 = 1 0 ~ * o f  O2-l0ss 

(b-4) 

(b -  5) 

Food = 3 3 l b / p / d  (80y0 dehydrated) 

CO - reduct ion,  0, - r e g e n e r s t i o n  by H - redLCtion and electrolysis 

A'ater weight  = 1200 l b  

E n i e  rgcnc ,  p c j w e r  s u p p l y  : 5 vku ( t u r - b o - g e n e r a t o r )  

Cuv:t.iigencies: 10% 

2 " 2 

= 6500 7 800 (n - 8)e t 27 - 6 (11 - 2 )  T 
" E C O l  c I 

e =  0.7 

5. 4 Abort Svstem 
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6.  SPARE PARTS FOR THE PLANETARY MISSIONS 

The length of the m i s s i o n s  makes it necessary to carry spare parts along, 

t he reby  making use  of human  skil l  and jud ic iousness  t o  keep the vehicles opera- 

Y 
t iona l ,  r a t h e r  than  providing added redundancy at cons ide rab le  weight penaltyp as 

it m u s t  be done with a n  ins t rumented  system. . 

The kind and quant i ty  of s p a r e  p a r t s  depends on the vehicle type and length 

' 
of mission. The  weight oi the  spa re  parts cannot be d e t e r m i n e d  without a relia- 

bi l i ty  ar.L:t3.3 U: the tc'.. c s;:btern ana i t s  major s u b s y s t e m s  and components .  

Pending this ana lys i s ,  o:-.'. c a n  approach :?-.e rnnt ter  p a r a m e t r i c a l l y ,  by a l loca t ing  

a c e r t a i n  weight percentagc of the  subsystem (e .  g .  LSS, e l e c t r i c  system, cornrn&i- 

ca t ion  system data process ing  system, e t c .  ) as s p a r e  p a r t  weight.  

I %  

'z 

The s p a r e  p&rt  

weight is a m a x i m u m  a t  E a r t h  depa r tu re .  

a c e r t a i n  unused port ion of this weight can be e l imina ted .  

Before  and a f t e r  each major rnaneuveq, 

In the first a p p r o x i m a -  

t ion a percentage of each module (hl- 1 throi;gh M-4 plus  LSS) czn be a l loca ted  as 

spare part weight.  Ltt this percentage  be s .  This percen tage  wi l l  i n c r e a s e  f a i r l y  

rap id ly  with the mission time. The r e a s o n  for this is not only that a piece of equip-  

ment oi given  l i f e t ime  to ( r e p a i r a b l e )  fa i lure  needs twice as many s p a r e  parts if  

noi h&\tf  t o  be t L i r ; t r i  d i o n g  on the s h o r t e r  t r i p  



s p a r e  par ts  

. __r .I 

-2 FT RSS = e 

and 



c('?> prcS1x:b:lity). R IS the  re1iab;litv of the nor.-detcct;lblt, portion oi f a r l u r e s  

ver.:cte, a r i s i n g  f r o m  checkout eyu:pment failure and ilfilitatlons i r i  locating 

o 
, .  

IF 

A n d  r! :.: ~ r - .  b ) ~ t i r , g  checkout  equ ipmen t ,  then. 

= re1iab;l;:y of the detestable  port ion of subsystem fa i lu re s  
R 5 S  

~ r .  = n u x b e r  of rep laceable  modu les  o r  sabsysterr is  ir-.to wh:ch t h t  v c h ; c l c  i:, 

packaged. 

- ( l - D ) F T  
R o =  e ( 6 - 4 j  

D = f r a c t i o n  of ialillrf25 w h i c h  arc' de tec tdb lc  and  r a n  be isolated cr. the 

s u b s y s t e m  or module  level  



m u s t  increase, 

DFT 
m 1  

- RSS, 2 1 j c - d )  
D F T l  D F T L  

= l!; ( 

1 m2 RSS, 1 
117 

If the subsystem reliability is to remairr cor,stant. t h e  r i g h t  hand side of t h e  above 

equation becomes zero and 

m 2  E T 2  

ml  =1 

showing that ,  f o r  cons tan t  re!:abil:ty the  number  of replacehblc  modules  C T  s:ili3\ 1 -  

moduies  is 

vi = s w 
111 1 A1 


